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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer So the translation may not reflect the original precisely. 
2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] An engine crankshaft is rotated measuring the running torque by predetermined frequency. Divide into the 
predetermined minute angle-of-rotation range the predetermined include-angle range containing angle of rotation of 
said crankshaft with which measurement torque value serves as min. and each minute angfe-of-rotation range is 
asked for the average of ^MeaMe measurement torque. The condition inspection approach with an engine group 
characterized by integrating the average of the **** aforementioned minute angle-of^rotation range in said 
predetermined include-angie range, and comparing this integrated value with an addition reference value while 
comparing the minimum thing in the average with a pull-up-torque reference value. 

[Claim 2] Said predetermined include-angle range is the condition inspection approach with an engine group 
according to claim 1 characterized by including the include angle of said crankshaft in case a piston is in a top dead 
center or a bottom dead point. 



[Translation done.] 



http://wvvw4Jpdl.ncipi.gojp/cgi-bin/tran_web.cgi^ejue?u=htt^ 2006/02/23 



^ JP.2883117.B [DETAILED DESCRIPTION] 



1/3 ^—iy 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the condition inspection approach with an engine group of inspecting the attachment 
condition of a **aMe motor nervous system in the engine in the middle of assembly. 
[Description of the Prior Art] 

If dust, such as cut waste, is bit into the sliding parts between a crankshaft and journal metal etc. between the 
crank pins of a connecting rod. a piston pin, and a crankshaft on the occasion of the assembly of the engine of a 
car, since it will become the cause of nonconformities, such as printing, where these are attached, it is necessary to 
carry out check inspection. 

Conventionally, although it is dependent on the organoleptic test which the skilled operator makes rotate a 
crankshaft by hand, and senses that rotational resistance sensuous, this check inspection activity While an activity 
takes skill at this, since it is inefficient, in current After attaching the components of motor nervous systems, such 
as a crankshaft, a connecting rod, and a piston, to a cylinder block. The method of checking the existence of 
abnormalities is taken by rotating a crankshaft measuring that running torque and comparing the maximum and the 
minimum value of this measured revolution torque value with the maximum reference value and minimal-basis semi- 
value which were able to define each beforehand. 

however the organoleptic test according [ inspection precision since the running torque of the crankshaft in the 
condition of having been attached to ♦* et al. and a piston originates in BIBIRI of the piston ring accompanying a 
revolution etc., and its fluctuation is large, therefore fluctuation of the maximum and the minimum value is also 
large ] to an operator — it should also reach — it was what that is not is very lacking in dependability. 
[Objects of the Invention] 

This invention aims at offer of the condition inspection approach with an engine group that reliable inspection can 
be conducted based on measurement torque value, in view of the situation like the above. 
[Elements of the Invention] 

for this reason, by the condition inspection approach with an engine group concerning this invention An engine 
crankshaft is rotated measuring the running torque by predetermined frequency. Divide into the predetermined 
minute angle-of-rotation range the predetermined include-angle range containing angle of rotation of the crankshaft 
with which this measurement torque value serves as min, and each minute angle-of-rotation range is asked for the 
average of **** measurement torque. White comparing the minimum thing in the average with a pull-up-torque 
reference value, the average of the minute angJe-of-rotation range is integrated in the predetermined include- 
angle range, and it is characterized by comparing this integrated value with an addition reference value. 
While being able to acquire the substantial stable torque value which eliminated the effect of the noise which 
originates in BIBIRI of the piston ring etc. by equalizing **** measurement torque in the minute angle-of~rotation 
range according to this, the judgment which also considered the rate of change of torque value can be performed by 
integrating the average of the minute angle-of-rotation range of predetermined include-angle within the limits, and 
comparing with an addition reference value. That is. it can judge from both sides of the rate of change of the 
absolute value of the peak of torque value, and torque value, and reliable stable inspection can be conducted. 
[Example] 

Hereafter, the example of this invention is explained based on a drawing. 

The test equipment 10 for inspecting an engine condition with a group using the condition inspection approach with 
an engine group concerning this invention is shown in drawing 1 . 

It has DC motor 1 3 which is a driving source, the torque transducer 1 1 as a torque detection means, and the rotary 
encoder 12 with Z phase, and is constituted, crankshaft 1 A of an engine 1 and DC motor 13 are connected with the 
gear train through the torque transducer 11. and graphic display test equipment 10 can measure now the running 
torque of the crankshaft by DC motor 13 corresponding to the angle of rotation measured by the rotary encoder 12. 

The measurement torque value by the torque transducer 1 1 and the measurement angle of rotation by the rotary 
encoder 12 are constituted so that it may judge in the judgment section 22 as compared with a reference value, 
while it is inputted into the control unit 20 equipped with CPU and data processing is carried out by the operation 
part 21 in this control unit 20. 

Hereafter, the approach is explained by making into an example the case where the engine 1 of a serial 4-cylinder is 
inspected using the test equipment 10 concerned. 
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If revolution actuation of the crankshaft of the engine 1 of a serial 4-cylinder is carried out with constant speed and 
the torque is measured, the torque value over the angle of rotation will draw the curve which shows a low value 
every 1 80 degrees, as shown in drawing 2 (A) which is the graph which took torque value along the axis of ordinate, 
while taking angle of rotation of a crankshaft along an axis of abscissa. In addition, it is in the condition which has 0 
degree of pistons IP and 4P of the cylinder of No. 1 and No. 4 in a top dead center, and has piston 2P of the 
cylinder of No. 2 and No. 3, and 3P in a bottom dead point. 

When the running torque of a crankshaft serves as max at the include angle from which a place with the most 
sufficient effectiveness from which the rotation when this carries out revolution actuation of the crankshaft is 
changed into rectilinear motion (reciprocating motion of a piston), i.e., a connecting rod. serves as a tangential 
direction of the circumference orbital circle of a crank pin and a piston is in a top dead center thru/or a bottom 
dead point, the effectiveness which changes rotation into rectilinear motion is based on the worst (a piston is not 
driven in the dead point) therefore thing that torque becomes the lowest. Although the graph of the relation 
between angle of rotation of ****** and the passing speed of a piston is shown in drawing 3 at the time of a fixed- 
speed revolution of a crankshaft, it is confirmed by the experiment that the size of the passing speed of this piston 
and the change in torque value are in agreement. 

In a serial 4-cylinder. while piston 2P of the pistons 1 P and 4P of the cylinder of No. 1 and No. 4 and the cylinder of 
No. 2 and No. 3 and 3P are in the completely same respectively physical relationship, according to the angle of 
rotation of a crankshaft, phases differ and about 180 degrees of both are stationed. 

If the torque value measured changes also with migration directions of a piston by the difference in the sliding 
friction resulting from the configuration of the piston ring here (a sliding friction has little direction in the case of 
compression and an exhaust air process), therefore it thinks according to the migration direction of a piston Only in 
the case of the pistons 1 P and 4P of the cylinder of No. 1 or 4. torque value becomes drawing 2 (B) as [ show / the 
case of only piston 2P of the cylinder of No. 2 or 3 and 3P / in drawin g 2 (C) /, respectively ], and. as for the 
above-mentioned drawin g 2 (A), these both are compounded. In addition, although the same torque curve as 
abbreviation is obtained in a cycle of 1 80 degree as a result, the same curve does not consist of a difference of the 
physical relationship of a crankshaft and a piston at all. 

Now. between the crank pins of a connecting rod. a piston pin. and a crankshaft, when biting dust, such as cut 
waste, into the sliding parts between a crankshaft and Journal metal etc., naturally, it originates in this and torque 
value becomes large here. 

Therefore, although the existence of abnormalities can be checked by comparing the minimum value of torque with a 
reference value, the torque value measured as location survey data were shown in drawing^j4 has large fluctuation, in 
having compared the peak value simply, a high inspection precision cannot be desired but the dependability is low 
[ precision ]. In addition, the graph which shows torque change of the 4th gra^jhic djsjD^a^ makes a cylinder block 
rotate the crankshaft for the engine of the serial four cylinder in the condition of having attached the crankshaft, 
the connecting rod. and the piston, by 20rpm, and measures and obtains the running torque for every ms. 
Then, as the predetermined include-angle range made into the measuring object is shown in drawing 5 . the torque 
value which is in a solution considers as the range of 5 degrees centering on angle of rotation (180-degree spacing) 
which shows the minimum value beforehand, and angle of rotation from which the physical relationship of a piston 
will be in the completely same condrtion about measuring object angle of rotation is further measured as two or 
more places. 

That is. in the case of the serial four cylinder of this example, it measures at least, for example in four places (:180 
degree shown in the 5th drawing 5 drawing by A. B, C, and D and 540 degrees are the times of Pistons 1 P and 4P 
being top dead centers, and 360 degrees and 720 degrees are the times of piston 2P and 3P being top dead 
centers). 1 80 degrees. 360 degrees. 540 degrees, and 720 degrees. 

To each angle of rotation. **** measuring range (5 degrees) is further divided into 1 degree at a time as 
predetermined minute angle-of^rotation range, and then computes the average of **** running torque in this 1 
degree. 

Consequently, five average torque value (Al - A5, 81 - B5, C1-C5. and D1-D5 show respectively in drawing 4 ) for 
every degree is acquired for every measurement include angle, respectively. 

Next, using this average torque value in every degree, as that flow chart is shown in drawing 6 (A) and (B), two 
steps of Judgments are performed. 
[Judgment I] 

First, as compared with MIN upper limit criterion value:XMAX which was able to define the value of the larger one of 
these for the thing of inner min (AMIN. BMIN, CMIN. DMIN) of five average torque value for every measurement 
include angle beforehand as compared with the thing of other include angles of these conditions (AMIN, CMIN and 
BMIN, and DMIN). when it is over this, it Judges as a defect (those with abnormalittes) (when large). Moreover, as 
compared with decrease criterion value of MIN minimumrXMIN which was able to define beforehand the value of the 
smaller one as a result of a comparison, also when this is over the criterion value, it Judges as those with 
abnormalities (when small). 

That is. 1 80 degrees which has the pistons 1 P and 4P of a No. 1 or 4 cylinder in a top dead center, and 540 degrees 
compare each minimum average, 360 degrees which has piston 2P of a No. 2 or 3 cylinder and 3P in a top dead 
center, and 720 degrees compare each minimum average, each size is decided, and a quality Judging is performed as 
compared with a criterion value, respectively. 

That is. the Judgment stabilized in a high precision can be performed here by regarding the minimum value of the 
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average torque value within the limits of 1 degree as predetermined minute angle-of-rotation range as the peak 
value of the substantial minimum torque which removed the noise component succeeding in it. and comparing this 
with a reference value. Moreover, by comparing with a reference value, after a piston location compares with **** 
measured value at other measunng points of these conditions, it can respond, even when there is incorrect 
detection resulting from the case where there is periodicity unusually, or test equipment, and the dependability of 
inspection improves. 

In addition, the reason judged as those with abnormalities also when a pull-up-torque value is smaller than the 
decrease criterion value of a MIN minimum is that it can consider a failure of components (journal metal, piston ring, 
etc.) to attach. 
[Judgment fl] 

Next, angle of rotation which includes the torque value in comparison with the decrease cnterion value of a MIN 
minimum by the above-mentioned judgment I (That is. the thing of inner min of **** average torque value to 
measurement angle of rotation) It compares with addition reference-valueiXTOTAL which added all of the average 
torque value of five **** to larger angle of rotation than the thing of inner min of the average torque value of other 
measurement angle of rotation of these conditions, and was able to define beforehand this value (for example. 
A1+A2+A3+A4+A5=ATOTAL). This addition reference value: In being larger than XTOTAL. it performs a defect 
judging. 

That is. according to this, by carrying out the comparison test of the integrated value of the average torque value 
fr*om which the **3Mc noise component was removed at predetermined include-angle within the limits to a reference 
value, the rate of change of torque value can be substantially compared with the within the limits concerned, 
and only the comparisons of the absolute value of mere peak value differ, and can perform a very reliable judgment. 
In addition, although torque value compares **** torque value with a reference value in the above-mentioned 
example at the angular position of the crankshaft in which the minimum value is shown. **** torque value may be 
similarly compared with the maximum reference value at the angular position of the crankshaft which torque value 
shows maximum in addition to this, then it can accomplish with a more reliable inspection. Moreover, although it is 
the example which the example made 5 degrees the predetermined include-angle range made into the measuring 
object, and made 1 degree the predetermined minute angle-of-rotation range, it is not limited to this. 
Furthermore, although the example of the engine of a serial four cylinder explained in the example, of course, it can 
be adapted also for the engine of other types, such as a serial of 6 cylinders. 
[Effect of the Invention] 

While comparing the absolute value of a peak using the average which removed the noise according to the condition 
inspection approach with an engine group concerning this invention like the above, by integrating the average and 
comparing with a reference value at predetermined within the limits, the rate of change of torque value will be 
compared in approximation, and inspection with very high high degree of accuracy and dependability is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

The outline block diagram of the test equipment which uses drawing 1 for the condition inspection approach with an 
engine group concerning this invention. The graph which shows torque value fluctuation of as opposed to the angle 
of rotation of the crankshaft of a serial four^cylinder engine in drawing 2 (A), the graph which shows the torque 
value fluctuation to the angle of rotation of the crankshaft with which (B) considered only as No. 1 and a No. 4 
cylinder, and (C) No. 1 And the graph which shows the torque value fluctuation to the angle of rotation of the 
crankshaft used only as the No. 4 cylinder. The graph with which drayying 3 shows the relation between angle of 
rotation of and the passing speed of a piston at the time of a fixed-speed revolution of a crankshaft. The 

flow chart which the graph with which drawing 4 shows torque measured value, drawing showing the predetermined 
include-angle range of a crankshaft and the predetermined minute angle-of-rotation range, and drawing 6 (A) require 
for Judgment I. and (B) are the flow charts concerning Judgment U. [ as opposed to a torque curve in drawing 5 ] 
1 [ — A torque transducer, 12 / — A rotary encoder, 13 / — A DC motor. 20 / — A control unit, 21 / — 
Operation part, 22 / — Judgment section ] — An engine, 1 A — A crankshaft, 10 — Test equipment 1 1 
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[ Drawing 1 ] 
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[ Drawing 2 ] 
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[ Drawing 5 ] 
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[Drawing 6 (A)] 
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[Drawing 6 (B)] 
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